Introduction
Neck masses are commonly encountered in pediatric otolaryngology. The causes are varied and may include inflammatory, neoplastic, vascular or congenital causes. This chapter focuses on the inflammatory causes of pediatric neck masses. The history should include a detailed account of the duration for which the mass has been present, whether it has been growing, and if so, how rapidly. Any associated symptoms such as fever, pain, neck stiffness, trismus, or recent upper respiratory tract infection should be identified. The history should also include information of any travel history, sick contacts or potential exposure to different pathogens. On physical examination the clinician should assess whether the mass is tender, its location, size, any associated overlying erythema or skin changes and any evidence of fluctuance or drainage. Patients' physical exam findings should be followed to assess for response to therapy.
Imaging studies can be helpful in determining the diagnosis and appropriate treatment, but are not always necessary. They are particularly helpful in determining whether or not an abscess is present. Recent studies have examined alternatives to traditional contrast-enhanced computed tomography (CT) scanning in an effort to reduce the amount of radiation exposure to the patient. Alternatives to traditional CT include the use of ultrasound, MRI or low voltage CT scanning [1] [2] [3] [4] . Treatment for pediatric inflammatory neck masses depends on the underlying etiology and options include medical management, surgery, and supportive care.
Treatment Use of imaging in the diagnosis of abscess
Contrast-enhanced CT scan is a well-established and accurate means of diagnosing the presence of an abscess in cases of deep neck space infections. Despite its effectiveness, there have been increasing concerns recently about the potential detrimental effects of radiation exposure as a result of CT scans, especially in children. It is estimated that for every 600,000 children in the USA who received head or abdominal CT scans, 500 will die of cancer which is directly related to the CT [5] . The risk of brain cancer may triple in children under 15 as a result of the radiation exposure of 2-3 head CT scans [6••] . As a result of these serious concerns, there have been recent studies examining alternatives to CT scanning in the diagnosis of neck abscesses.
Low-voltage CT scanning
Contrast enhanced CT scans can demonstrate the presence of an abscess as a central hypodense mass surrounded by a hyperdense rim. Reduced tube voltage of 80 kVp compared to the standard 120 kVp results in a significant reduction in radiation exposure. Reduced-voltage CT was found to be equally effective to standard CT in diagnosing peritonsillar abscesses [7] . In addition CT scans with reduced voltage results in increased iodine contrast attenuation of soft tissue structures providing superior image contrast. [2•] The lower voltage CT images of peritonsillar abscesses were found to have improved sharpness and demonstration of inflamed soft tissue and also improved delineation of cervical vessels. The findings that reduced voltage CT can provide equal diagnostic accuracy with more clear images in addition to lower radiation exposure should lead to further investigation and strong consideration of more broad clinical application of this method.
Ultrasound
A retrospective study compared the accuracy of CT scan (n = 101) versus ultrasound (n = 39) in the diagnosis of pediatric lateral neck abscesses against the gold standard of incision and drainage. Ultrasound compared favorably with much higher specificity than CT (100 vs. 18 %) but lower sensitivity than CT (53 vs. 68 %) [3•] . Ultrasound can also be used intraoperatively to assist in localization of an abscess and to confirm successful abscess drainage. Recently, a case was reported using intraoperative transcervical ultrasound to assist with transoral drainage of a parapharyngeal abscess [1] . In addition to avoiding radiation exposure, ultrasound offers potential advantages over CT by avoiding the need for sedation in the pediatric patient, and the scan is less expensive than CT. Diagnostic accuracy, however, may be limited depending on the operator.
Magnetic resonance imaging (MRI)
MRI is a sensitive imaging modality for identifying inflammatory changes in soft tissue and can be useful in pediatric infections. MRI has been used to examine acute mastoiditis in adult and pediatric patients and it was observed that total opacification of the tympanic cavity and the mastoid, intense intramastoid enhancement, perimastoid dural enhancement, bone erosion, and extracranial complications are more frequent in children [4] . Given concerns over radiation exposure with CT scanning, MRI represents a potential alternative with the advantage of fine soft tissue detail. The disadvantages of MRI include a longer scanning time often requiring sedation/anesthesia in the pediatric patient; lack of availability in many emergency departments, and increased cost.
Bacteriology of head and neck infections

Staphylococcus aureus
S. aureus, including both methicillin-sensitive (MSSA) and methicillinresistant strains (MRSA), is an important cause of pediatric head and neck infections with high prevalence. Recent studies suggest that S. aureus is the most common organism isolated from pediatric neck abscesses, followed by Streptococcus pyogenes [8, 9] . A recent study from North Carolina of 76 children showed that 93 % of culture-positive infections were caused by S. aureus in infants (G12 months) compared to 59 % in children between 13 months and 5 years of age. Of the S. aureus isolates, 51 % were MRSA and 49 % were MSSA. African American infants were found to have a 3-fold risk for methicillin resistance (77 % compared with 21 %) [10••] .
A review study from Pennsylvania of 178 patients aged 2 months to 12 years treated with parapharyngeal or retropharyngeal space infections showed that 60/178 (34 %) required surgical drainage and the remainder were treated with intravenous antibiotics only. Cultures obtained from those who were treated surgically showed that MRSA was found more commonly in children less than 15 months of age [11••] .
Bacteriology of neck abscesses in the neonatal period
Deep neck abscesses are rare in the neonatal period (birth to 1 month). Most infants who develop a neck abscess do not have any risk factors for a deep neck abscess. The most common clinical presentation of a deep neck abscess in the newborn is neck swelling, feeding and respiratory problems. Group B streptococcus, S. aureus, and Escherichia coli are the most commonly isolated microorganism in neonates with a deep neck abscess [12] .
Streptoccocal infections and PCV7 vaccination
Streptococcus pneumoniae has been an important cause of a variety of head and neck infections. A recent retrospective review of the Kids National Inpatient Database found that there has been a decrease in reports of meningitis, mastoiditis, periorbital cellulitis, and Bezold abscess due to S. pneumoniae as a result of the introduction of the PCV7 vaccine [13] . However, despite the decreased incidence of these infections there has actually been an increase in admission from the emergency department for these diagnoses for children age 1-4 and an increase in the costs of providing care for these conditions. It is thought that this may be related to the selection of more pathogenic subtypes.
Fusobacterial infections
Fusobacterium necrophorum is a Gram-negative bacteria which is an obligate anaerobe. It is frequently found in peritonsillar abscesses and associated deep neck space infections which can lead to Lemierre syndrome (thrombophlebitis of the internal jugular vein (IJV).) A recent study examined the prevalence of F. necrophorum as a pathogen in acute tonsillitis and found that it was present in 16 % of acute tonsillitis patients compared with 9 % of control patients [14] . F. necrophorum was also reported recently as a cause of a retropharyngeal abscess in a patient following cervical trauma, the patient did not have associated Lemierre syndrome [15] . Infections with this organism are treated with culture directed antibiotics and surgery as indicated. Resistance to macrolides is common so when a Fusobacterial infection might be suspected, macrolides are poor empiric therapy choices.
Initial antimicrobial treatment for the child with a neck infection
Decisions regarding initial antimicrobial treatment in children should be made based on the incidence of various organisms and antimicrobial sensitivities in the child's geographic region. In California, where the authors practice, Table 1 shows our empiric antibiotic protocol. 
Incidence of deep neck abscesses and surgical intervention Incidence of deep neck space infections
Rates of surgical intervention
While the incidence of retropharyngeal abscesses was found to be increasing, the rate of surgical intervention for these cases decreased Inpatient database does not record specifics regarding the type of intravenous antibiotics used or the duration of therapy. Further epidemiological resource utilization studies may be indicated to explore this.
Cost of treatment of deep neck space infections
Head and neck manifestations of Kawasaki disease Kawasaki disease
Kawasaki disease (KD) is an idiopathic systemic inflammatory vasculitis of small and medium sized vessels. The disease most commonly affects children between 6 months and 5 years of age although atypical Kawasaki disease can affect children outside this age range. There is a male to female ratio 1.5-1 and a higher incidence in persons of Asian ethnicity. The etiology of KD is unknown and there is no diagnostic test. It is critical that KD be diagnosed to prevent cardiac complications including perivasculitis of the coronary arteries causing aneurysm formation, obstruction thrombosis, and myocardial infarctions. There is a 2 % mortality rate associated with the presence of these complications making KD the most common cause of pediatric acquired heart disease in North America, Europe, and Japan [18] . The diagnosis is made based on a constellation of clinical criteria (Table 2 ) [19, 20] . Lymphadenopathy occurs in 50-60 % of patients with Kawasaki disease and is typically firm and nonfluctuant. In 12 % of patients the initial presenting symptom is cervical lymphadenopathy [21] . The lymphadenopathy is typically unilateral and does not respond to oral antibiotics given empirically. The diagnosis of KD must be considered in any young child with cervical lymphadenopathy, no lymph node abscess, who continues to have high fevers in spite of antibiotic therapy. KD can also present with retropharyngeal edema and cellulitis which can mimic a retropharyngeal abscess, however clinically it is associated with less dysphagia and neck pain compared with retropharyngeal abscess and there is less likely to be rim-enhancing lesion noted on CT scan in cases of Kawasaki associated retropharyngeal cellulitis/edema [22] [23] [24] .
Laboratory tests may reveal elevated C-reactive protein, platelet count, eosinophils, and erythrocyte sedimentation rate. Treatment consists of aspirin and intravenous immunoglobulin (IVIG). The aspirin is useful for management of fever and arthritis but it does not decrease the incidence of coronary artery aneurysms. The IVIG, when given within Table 2 . Kawasaki clinical criteria Fever lasting 5 days or more (4 days if treatment with IVIG eradicates fever) plus at least four of the following clinical signs not explained by another disease process the first 10 days of illness, has been shown to decrease the incidence of coronary aneurysms from 17 to 4 % [21]. Cardiac evaluation including an echocardiogram and EKG should be performed as well as referral to a pediatric cardiologist. The cervical lymphadenopathy is typically selflimiting and does not require additional treatment.
Conclusions
The most common pediatric cervical neck mass is lymphadenopathy. Bacterial cervical lymphadenitis has an acute presentation and is treated with appropriate antibiotics and with surgical incision and drainage when an abscess has formed. Staphylococcus aureus and Streptococcus pyogenes are the most prevalent with an increase in MRSA, especially in younger patients. Streptococcus pneumoniae complicated infections have decreased with the use of the PCV7 vaccine, though hospital admissions and associated costs have increased, suggesting possible selection of more virulent strains. Fusobacterial infections should be considered in peritonsillar and other deep neck abscesses and may be associated with Lemierre syndrome.
Imaging studies may be useful in identifying whether or not an abscess is present in the inflammatory neck mass. While traditionally contrast enhanced CT-scanning has been widely used, there is an increasing push to limit radiation exposure of the patient and emerging alternatives such as the increased use of ultrasound or MRI as well as lower voltage CT scanning are becoming more prevalent. Kawasaki disease is a systemic vasculitis that can present with cervical lymphadenopathy or retropharyngeal cellulitis and appropriate diagnosis and treatment is essential to help prevent cardiac complications such as coronary aneurysms.
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